Abstract -The potential of physical and chemical measurands for the determination of the botanical origin of honey by using both the classical profiling approach and chemometrics was evaluated for the authentication of ten unifloral (acacia, rhododendron, chestnut, dandelion, heather, lime, rape, fir honeydew, metcalfa honeydew) and polyfloral honey types (in total n = 693 samples). The classical approach using a profile for the determination of the botanical origin of honey revealed that the physical and chemical measurands alone do not allow a reliable determination. Pollen analysis is therefore essential for discrimination between unifloral and polyfloral honeys. However, chemometric evaluation of the physical and chemical data by linear discriminant analysis allowed reliable authentication with neither specialized expertise nor pollen or sensory analysis. The error rates calculated by Bayes' theorem ranged from 1.1% (rape and lime honeys) up to 9.9 % (acacia honey).
INTRODUCTION

Definition of unifloral and polyfloral honeys
The overwhelming majority of the honeys on the market contain significant nectar or honeydew contributions from several plant species and are therefore called polyfloral or multifloral honeys. Normally they are just labelled with the word "honey". The term unifloral honey is used to describe a honey in which the major part of nectar or honeydew is derived from a single plant species. Honey composition, flavour and colour varies considerably depending on the botanical source (Persano Oddo and Piro, 2004) .
At present there is an increasing commercial interest to produce unifloral honeys. Indeed many consumers prefer unifloral to polyfloral honeys and appreciate the possibility to choose between different honey types. The production of unifloral honeys also offers beekeepers an opportunity to compete with low priced polyfloral honeys imported from abroad. Moreover the increasing interest in the therapeutic or technological uses of certain honey varieties may also contribute to the demand of a reliable determination of their botanical origin. According to the Codex Alimentarius Standard for Honey (Codex Committee on Sugars, 2001 ) and the EU Council Directive (EU Council, 2002) relating to honey, the use of a botanical designation of honey is allowed if it originates predominately from the indicated floral source. Physical, chemical and pollen analytical characteristics of the most important European unifloral honeys have been described in various papers (Crane et al., 1984; Moar, 1985; Persano Oddo et al., 1995; Piazza and Persano Oddo, 2004; Persano Oddo and Piro, 2004 ).
Traditional classification of honeys based on a profile of measurands
Traditionally the botanical origin of honey is determined by experts evaluating several physical, chemical, pollen analytical and sensory characteristics (Persano Oddo et al., 1995; Persano Oddo and Bogdanov, 2004; Bogdanov et al., 2004) . The analytical results of a honey sample have been somewhat subjectively compared with profiles describing the data ranges of different unifloral honeys. When the values of all the measurands under consideration fit into the respective ranges described for a unifloral honey type, it is assigned to this corresponding honey type. On the contrary if the characteristics of the sample do not fit into the profiles of the unifloral honey types considered, the sample is classified as polyfloral honey. Thus the group of polyfloral honeys represents a miscellaneous pool of samples of various botanical origins with significant nectar or honeydew contributions from several plant species. However, the amount of honeydew should not prevail, otherwise it is regarded as honeydew honey. Unfortunately until now neither the measurands to be considered nor their corresponding ranges for the individual unifloral honeys have been defined and internationally accepted. Usually only few physical and chemical measurands, in particular electrical conductivity, sugar composition and pollen analytical results are used together for this purpose.
This profiling approach has recently been described in more detail by Persano Oddo and Piro (2004) . However, only physical and chemical measurands were considered and the presentation of the data ranges was not optimal. The classification with a profile works because unifloral honeys generally express, at least in respect to some measurands, specific properties that are generally not found in other honey types. The purest samples of unifloral honeys are therefore easily recognized. However, unifloral honeys are hardly ever pure and generally contain minor nectar or honeydew contributions from other botanical origins. The proportion of different sources continuously increases towards the polyfloral honeys. Where the limit between unifloral and polyfloral honeys is set depends on definitions and is ultimately arbitrary. Consequently there will always be some overlapping between unifloral and polyfloral honeys. In other words the main problem in the authentication of unifloral honeys is to discriminate between unifloral and polyfloral honeys, rather than between different unifloral honeys.
Discrimination between honey types using chemometrics
Several attempts have already been made to predict the botanical origin of honey using their physical and chemical properties in combination with multivariate analysis. The first paper on classification of floral and honeydew honeys using discriminant functions considering pH-value, ash and monosaccharide content was published over forty years ago (Kirkwood et al., 1960) . Later electrical conductivity, monosaccharide content and glutamic acid concentration were found to be the most useful measurands for the discrimination between floral and honeydew honeys (Iglesias et al., 2004; Soria et al., 2005) . High fructose and glucose concentrations and low values in lactone and free acidity, electrical conductivity, polyphenol content and net absorbance (visible spectroscopy) were described to be characteristic for floral honeys. Low glucose and fructose and high melezitose concentrations and high values for free acidity together with high polyphenol content and net absorbance characterised honeydew honeys .
Numerous studies have treated the subject of the chemometric classification of unifloral honeys. Linear discriminant analysis on sugar composition data of rosemary, citrus, lavender, sunflower, eucalyptus, heather and honeydew honeys allowed only a discrimination between floral and honeydew honeys (Mateo and Bosch-Reig, 1997) . When the same honey types were studied using water content, electrical conductivity, pH-value, colour (x, y, L chromatic coordinates) and sugar composition, jackknife classification rates higher than 90% were found for all unifloral honeys. The most important characteristics were electrical conductivity followed by colour and fructose content.
Classification functions were presented using water content, electrical conductivity, fructose, sucrose, and colour (Mateo and BoschReig, 1998) . Classification functions for as many as 16 different unifloral honeys using diastase activity, electrical conductivity, specific rotation, total acidity, fructose, glucose and colour (Pfund scale and CIE L.a.b) were presented. The average correct classification rate was as high as 89.6% and all honey types except thistle honey were correctly classified at a rate higher than 80%. Electrical conductivity, glucose and fructose concentration and colour were found to be the most important variables for the classification of unifloral honeys (Piro et al., 2002) .
In a recent study on a large sample set, fir, bell heather, chestnut, lavender, acacia, rape and sunflower honeys were analysed. Principal component analysis (PCA) showed that samples of fir, chestnut, lavender and acacia honeys formed well-separated groups in the plot of the first two PC's while samples of rape, bell heather and sunflower honeys clustered together. Stepwise discriminant analysis was used to select the most important measurands among water, hydroxymethylfurfural (HMF), fructose, glucose, sucrose, erlose, raffinose and melezitose content as well as electrical conductivity, pH-value, free acidity, diastase activity and colour (Pfund scale). The botanical origin of the samples could be perfectly predicted using electrical conductivity, pH-value, free acidity, fructose, glucose and raffinose content (Devillers et al., 2004) .
The above mentioned approaches using physical and chemical measurands and chemometrics allowed clear discrimination between the main honey types or even between several types of unifloral honeys, but none of them accounted for the polyfloral honeys that represent the most important majority (about 80%) of the honeys produced. As already noted the main problem in the authentication of unifloral honeys is to discriminate between polyfloral and unifloral honeys, rather than between different unifloral honeys. This means that the above-mentioned methods are inadequate for analytical practice. This also explains why until now none of these methods is commonly applied to determine the botanical origin of honey. Instead, pollen analysis was generally considered to be the fundamental tool for authentication of the botanical origin of honey (Mateo and Bosch-Reig, 1998) .
The only paper on chemometric evaluation of physical and chemical measurands considering unifloral and polyfloral honeys was published by Krause and Zalewski using PCA (Krauze and Zalewski, 1991) . Electrical conductivity, proline, free acidity and pHvalue were found to be most important measurands for classifying honeys according to their botanical origin. The authors were able to distinguish between rape, acacia and honeydew honeys but failed to differentiate between polyfloral, lime and heather honeys. Enzyme activities and HMF content depend on honey processing and storage conditions and are therefore not useful for the determination of the botanical origin (Krauze and Zalewski, 1991; Devillers et al., 2004) .
As several analytical methods have to be simultaneously used for a reliable authentication of the botanical origin, it is consequently very time consuming and costly. In addition currently very specialised expertise is needed for the interpretation of the pollen analytical results and the physical and chemical measurands determined. Thus, there is a need for new analytical tools that allow a rapid and reproducible authentication of the botanical origin of honey (Bogdanov and Martin, 2002; Bogdanov et al., 2004) .
The aim of the current work was to evaluate the potential of two different approaches for authentication of unifloral and polyfloral honeys. These were: (1) measurand profiles considering classical physical, chemical and pollen analytical characteristics and (2) chemometric evaluation of the physical and chemical properties to verify the most important characteristics and to develop a mathematical procedure for the determination of the botanical origin of honey.
MATERIALS AND METHODS
Sampling
A total of 693 honey samples produced between 1998 and 2004 were collected and stored at 4
• C until analysis. They originated predominantly from Switzerland (CH) but samples from Germany (D), Italy (I), France (F) and Denmark (DK) were also included.
Determination of physical and chemical measurands, pollen analysis
To classify these honey samples, the following measurands were determined according to the harmonized methods of the European Honey Commission (Bogdanov et al., 1997) : electrical conductivity, sugar composition, fructose/glucose ratio, pH-value, free acidity, and proline content. 
Botanical classification by reference methods
The honey samples were assigned to one of the following honey types according to their fructose/glucose ratio, melezitose content, electrical conductivity and pollen analytical results: acacia (Robinia pseudoacacia) (CH, n = 26; D, n = 7; F, n = 3), rhododendron (Rhododendron spp.) (CH, n = 24; I, n = 5), sweet chestnut (Castanea sativa) (CH, n = 52; I, n = 5; F, n = 3), rape (Brassica napus var. oleifera) (CH, n = 36), fir honeydew from (Picea spp. and Abies spp.) (CH, n = 110; D, n = 22), Metcalfa honeydew from Metcalfa pruinosa (I, n = 14), heather (Calluna vulgaris) (D, n = 19; DK, n = 3), lime (Tilia spp.) (CH, n = 22; D, n = 12; I, n = 5), dandelion (Taraxacum s.l.) (CH, n = 22; D, n = 7; I, n = 2) and polyfloral honeys (CH, n = 294). The ranges of the physical and chemical measurands mostly corresponded to the ranges presented by Persano Oddo and Piro (2004) .
In case of uncertain classification based on physical, chemical and pollen analytical criteria the decision was made by sensory evaluation by four experts who have completed courses in sensory evaluation of honey and are in contact with the determination of the botanical origin of honey via their every day work.
Classification using different profiles
Three types of profiles with three different sets of measurands were tested and compared for classification of unifloral and polyfloral honeys. The measurands considered in Profiles I and II with the corresponding ranges defined for the different unifloral honeys are presented in Table I . With profile I, a classification of the honey types was attempted by using only physical and chemical characteristics. As this was known to be very difficult, especially regarding the discrimination between unifloral and polyfloral honey types, as many measurands as possible were included in the profile. Commonly used physical, chemical and pollen analytical measurands were incorporated in profile II. In profile III the ranges of the available measurands presented by Persano Oddo and Piro (2004) were used, including fructose, glucose and sucrose content, fructose/glucose and glucose/water ratio, pH-value, free acidity and electrical conductivity. With respect to pollen analytical results only the minimum percentage of the specific pollen from of each unifloral honey type was considered.
The classification was achieved by comparing the values of the honey samples with each of the nine profiles of the unifloral honey types considered. They were assigned to the corresponding honey type if all values were within the ranges defined in the profile. Samples that did not fit into any of the profiles were regarded as polyfloral (principle of exclusion).
Data processing and chemometrics
The following 17 measurands were originally included in data evaluation: fructose, glucose, total monosaccharides, sucrose, maltose, trehalose, isomaltose, erlose, melezitose, maltotriose, raffinose and water content, electrical conductivity, free acidity, pH-value, fructose/glucose and glucose/water ratio. Because of missing values the number of samples had to be reduced to a total of 646 in the chemometric data evaluation. The values of each 442 K. Ruoff et al. Table II . This information is important for using the classification functions. The variables designated with a subscript uppercase "S" indicate standardised variables. To select the most important variables for the classification of the unifloral honeys, linear discriminant analysis (LDA) was applied. Backward elimination on the 17 initial variables was based on the partial F-values in the discriminant models. Forward selection on the same variables was used to confirm the results. The models were then optimised for maximum correct classification in jackknife classification. The validation was carried out with about one third of the samples, selected randomly, and not present in the group of samples used to build the model (SYSTAT Version 11, Systat Software Inc., Richmond, USA).
RESULTS
Classification by profile
In the profile considering only physical and chemical measurands it is obvious that most of unifloral honey samples are correctly assigned since almost the whole range of the values found was used (Tab. I; Tab. III, Profile I). Interestingly misclassifications between different unifloral honeys rarely occurred, indicating that the physical and chemical properties of the unifloral honeys are distinctly different. Since nearly the whole data range found was considered, in principle all unifloral honey samples should therefore be correctly classified. Nevertheless, some unifloral honeys were assigned to polyfloral honeys due to reasons arising from truncation in the ranges used (limits set at 2.5% and 97.5% percentiles of the values observed). The correct classification rate for the polyfloral honeys was only 49%. This means that approximately half of the polyfloral honey samples were misclassified to various unifloral honey types. Samples were especially assigned to rhododendron, lime and fir honeydew honeys. These unifloral honey types do express highly variable chemical compositions, thus showed a relatively broad data range for all measurands considered and therefore allowed many samples to meet the requirements of the profile. Because of the high rate of misclassification of the polyfloral honey samples the profile using only physical and chemical measurands is inadequate for a reliable determination of the botanical origin of honey. In Profile II, that was based on the relative frequencies of the specific pollen and a reduced number of physical and chemical measurands, high rates of correct classification were found again for the unifloral honeys (Tab. III, Profile II). The classification rate of the polyfloral honeys was improved significantly up to 70%, showing that pollen analysis plays a key role in the discrimination between unifloral and polyfloral honeys. Therefore pollen analytical, physical and chemical measurands should be included in the same profile used for the determination of the botanical origin.
The profile established with data ranges recently published (Persano Oddo and Piro, 2004) showed notably lower classification rates for the unifloral honey types studied than obtained with the profiles I and II (Tab. III, Profile III). For example none of the heather honey samples were considered to be unifloral. Interestingly the highest classification rate was found for the polyfloral honeys.
Chemometric evaluation
Multivariate explorative data analysis revealed that electrical conductivity, fructose, raffinose and glucose concentration, together with free acidity, contributed most to the classification of the different unifloral honeys using a single linear discriminant model. Total monosaccharide content was found to be redundant for classification when the individual glucose and fructose concentrations were considered. Most of the unifloral honeys revealed rates of correct classification of higher than 80%, by using the above-mentioned variables. The rates were similar in jackknife classification and validation thus demonstrating that the models used were robust (Tab. IV). Heather honey samples were partly classified as chestnut or polyfloral honeys and exhibited the second lowest classification rate (80%). Fir honeydew honeys were mostly assigned to the correct group except a few samples that were misclassified as heather honeys. Among the unifloral honeys, lime honeys showed the lowest jackknifed classification rate (71%). Eighteen percent of the lime honey samples were classified as polyfloral and 11% as dandelion honeys. Jackknife classification and validation revealed that polyfloral honeys were very often classified into the groups of the unifloral honeys, while the latter were rarely misclassified into the polyfloral honeys (Tab. IV).
The high rate of misclassified polyfloral honeys made it impossible to use a single discriminant model for the authentication of the botanical origin of honey and led to the idea to develop a two-step procedure. In the first step the sample was attributed to one of the ten honey types considered, using the classification functions of the overall discriminant model with as many groups as honey varieties. The sample was assigned to the honey type showing the highest value in the classification functions taken into account. In the second step this classification was verified by using one or several two-group models consisting of a group formed by samples of a given unifloral honey and a group called "non-unifloral" consisting of all the other samples. Each twogroup model was separately built using LDA backward elimination and forward selection. They were optimised for maximum correct classification rate together with a minimum number of necessary variables. For the verification of the classification by the first model at least the two-group model of the corresponding honey type was used. In addition one to four two-group models (indicated by boldface numbers in Tab. IV) were used when a misclassification rate of higher than 3% was calculated in jackknifed classification or validation tables of the overall model. The probabilities for misclassification were calculated by applying Bayes' theorem on the conditional probabilities of disjoint events. The error probabilities cannot be directly taken from Table IV; they only quantify the conditional probabilities of correct classification given the corresponding honey type. By Bayes' theorem the posterior probabilities of finding the correct honey type given a distinct classification by the discriminant model was calculated, and the error rate being the complement to 1. The classification rates for the unifloral honeys in the two-group models were generally >90%, except for lime honeys (Tab. V). They showed with 79% in jackknife classification respectively, 56% in validation, the lowest rates. In general the high rates of correct classification for both the unifloral and nonunifloral groups considered by the two-group models indicate that the botanical origin can be reliably determined by this procedure. Some overlapping is to be expected regarding dandelion, rape and lime honey's as about 15% of the samples not belonging to these honey types are erroneously classified to these groups.
If a sample is assigned to the same honey type by the overall-and by the two-group model it is very likely that it belongs to this type of honey. If the classifications of the two models do not agree the sample has to be considered to be of polyfloral origin. When the sample is assigned to the same honey type by both, the overall model and the corresponding two-group model and is moreover considered to belong to the non-unifloral groups in all the other two-group models tested, the honey sample belongs almost certainly to the honey type indicated by the overall model. The respective error rates of this two-step procedure (for misclassification of a sample of unknown botanical origin), were found to be 5% for the ten honey types studied, except for acacia and fir honeydew honeys (Tab. VI).
DISCUSSION
Classification using measurand profiles
Profiles based on only physical and chemical measurands were shown to be inadequate for a reliable classification of the botanical origin of honey because of the high rate of misclassification of polyfloral honeys (Tab. III, Profile I). However in combination with pollen analysis the number of physical and chemical measurands can be considerably reduced as the results using profile II showed (Tab. III, Profile II). Pollen analytical data can be included in profiles by just defining a range for the relative frequency of the specific pollen of a given unifloral honey type (Persano Oddo and Piro, 2004) . However a more reliable profile would probably consider ranges for all the specific pollen of the unifloral honey types. Such a procedure would considerably simplify pollen analysis, since only the relative frequencies of the characteristic pollen forms of the unifloral honey types would have to be considered. For a classification of the most important honey types in Europe it would be sufficient to identify and calculate the total number of pollen, the sum of the nectarless species and about 15 pollen forms characteristic for the honey types considered. By the use of a profile that includes physical, chemical and pollen analytical measurands with welldefined ranges, the ambiguity resulting from the correction of over-and underrepresented pollen could be avoided and fully comprehensible classifications could be obtained. For the correct classification of most honeydew honeys the physical and chemical measurands are generally sufficient. Although honeydew honeys do not contain specific pollen, the relative frequencies of the specific pollen of the floral honeys should be considered for a reproducible procedure.
The variability in the relative frequency of the pollen forms found in this study is considerable and may have to be adjusted when more samples of unifloral honeys have been studied. Among the samples considered in the present study some pollen forms were not detected at all in some unifloral honey types. Therefore the maximum percentage is for some pollen types equal to zero. In these cases it can supposedly be raised to the minimum value of the specific pollen of the corresponding unifloral honey type.
The high misclassification rates observed using profile III may be explained by an inadequate definition of the range (Persano Oddo and Piro, 2004) . The ranges presented were calculated using the standard deviation. This procedure implies a normal distribution of the data in order to make sense. However the values of several measurands show a highly asymmetric distribution. The authors must have also been aware of this problem, since minimum or maximum values were presented if the 95% confidence interval exceeded the former. If the range used in profiles is calculated from the mean value using the standard deviation for asymmetrically distributed data, the range may be delicately clipped on one end of the distribution. The ranges published are based on a huge number of samples certainly having a considerable variability. Therefore the ranges of the individual measurands seem at first sight to be very liberal. But when the ranges are used in a profile considering as many as 9 different measurands it is very likely that a value of a sample lies outside the 95% confidence interval. This is especially true in the case of asymmetrically distributed data. When the number of measurands included in the profile were reduced to 5 (i.e. electrical conductivity, fructose and glucose content, fructose/glucose ratio and specific pollen) the rate of correct classification rose considerably for most honey types except for lime and polyfloral honeys (data not shown). The total monosaccharide content, glucose/water ratio and diastase activity are probably not very useful to determine the botanical origin of honey. It is clear that a data range used for classification should not include extreme values such as outliers. In an asymmetrically distributed dataset it would be better to define the range for example by the 2.5 and 97.5 percentiles. To classify honey samples according to their botanical origin using a profile, it is not necessary to standardise the values as proposed by Persano Oddo and Piro (2004) .
Classification using discriminant functions
Our results indicating that the most important measurands for a classification of unifloral and polyfloral honeys are electrical conductivity, fructose, raffinose and glucose concentration, together with free acidity are in agreement with those found in the literature (Mateo and Bosch-Reig, 1997; Devillers et al., 2004) .
The classification functions of the overall and two-group classification models are given in Table VII . The abbreviation "DG" designates the classification function values of the classification functions belonging to the general model. The honey samples were classified to the honey type whose corresponding classification function gave the highest classification function value. The quantity of the absolute values of classification function coefficients indicates which variables are particularly important for the discrimination between the honey types. Thus high fructose content, low electrical conductivity and glucose content are characteristic for acacia honeys and therefore the most important variables for the discrimination of acacia honeys, as shown by Piro et al. (2002) . Interestingly electrical conductivity seems to be an important measurand for classification of metcalfa honeydew and chestnut honey but is not very relevant for the characterisation of fir honeys, while high raffinose content and high free acidity were found to be very characteristic for the latter. High glucose content was found to be important for the classification of rape and dandelion honeys.
The classification functions of the twogroup models are identified by the abbreviation "DT" in the classification function value. The difficulties in discrimination of lime honeys were indicated by the fact that eight variables were necessary in the model and none of the absolute values was particularly high. Maltose, isomaltose and erlose were found to be the most relevant measurands. The high rate of misclassification of lime honey samples to polyfloral and dandelion honeys may be explained by the variable chemical composition of this honey type as it often contains different amounts of honeydew and thus exhibits variable physical and chemical characteristics (Tab. IV). This makes it similar to polyfloral honey that may contain proportions of nectar and honeydew. In the twogroup model, high glucose, low fructose concentration and a low fructose-glucose ratio were once again characteristic for rape honey. The most important variables for the classification of fir honeys were raffinose, melezitose and trehalose, which is in agreement with other studies (Mateo and Bosch-Reig, 1997; Devillers et al., 2004) . For the discrimination between acacia honey and all the other honey types the fructose/glucose ratio was found to be the most relevant variable. Chestnut honey was characterised by a high fructose content, high electrical conductivity and pH-value. Glucose concentration was found to be the most important factor for classification between dandelion and other honey types. Metcalfa honeydew honey was characterised by high maltose and maltotriose contents and high electrical conductivity. The former findings confirm the results of previous studies (Piro et al., 2002) . For heather honey the water content and free acidity were found to be the most discriminating variables. For identifying rhododendron honey pH-value, free acidity and erlose content were found to be the most important measurands. The classification of polyfloral and lime honeys needed a high number of measurands and none of them played a very decisive role. This is also reflected by the low classification rates. The sub-optimal classification of polyfloral honeys is of less importance, as we are interested in the authentication of unifloral honeys.
Data evaluation showed that electrical conductivity is not a very reliable criterion to discriminate between floral and honeydew honeys although this measurand is defined as important in the Codex Alimentarius Standard for Honey and the European Honey Directive. However, several exceptions are listed in the above-mentioned standards, thus indicating the limited value of this measurand for the discrimination of honey types. Thus multivariate data evaluation of traditional physical and chemical measurands may also be helpful to establish new criteria for a more reliable description of the honey types and for the determination of their botanical origin.
The chemometric analysis of physical and chemical data demonstrated that the botanical origin of honey can be determined without considering pollen analytical results. Unfortunately this approach does not save very much time and costs as only pollen analysis can be abandoned. Indeed 14 physical and chemical measurands still have to be determined. Nevertheless, pollen analysis is the technique that requires the most professional expertise and skill, the most time and cannot be automated. In case of doubt the traditional approach using physical, chemical and pollen analytical results and the expertise required for their interpretation will so far remain the reference method.
CONCLUSIONS
The classical approach using a defined profile would allow a reliable and reproducible determination of the botanical origin provided that an international agreement can be made on the measurands and the corresponding data ranges to be taken into account. Using such a procedure, pollen analysis cannot be discarded and will in principle express the same inconsistencies. However, the difficulties in the interpretation of pollen analytical results may be overcome by including pollen analytical characteristics together with physical and chemical measurands into a distinct profile and appropriate definition of the data ranges. For straightforward classification the profiles can be programmed in a spreadsheet software. However the ranges presented in this study should be reconsidered by an even larger set of unifloral honeys as especially the pollen ranges may need to be adjusted.
Chemometric evaluation of the physical and chemical measurands revealed that a determination of the botanical origin of honey can be achieved with a mathematical procedure without considering pollen analytical results. The classification functions published in Table VII can be used for this purpose without special expertise and statistical software.
